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Mechanisms of altered renal perfusion in the early stage of ob-
structive jaundice. Mechanisms responsible for renal hemo-
dynamic alterations were studied in jaundiced (by bile-duct liga-
tion) rabbits (BDL) 10 days after ligation of the biliary tract,
in comparison with sham-operated rabbits (SO). Arterial hema-
tocrit, plasma volume, blood -pressure, abdominal inferior vena
cava pressure, and heart rate were not significantly different be-
tween the BDL and SO groups. Cardiac output in BDL rabbits
decreased to approximately 73% of the value for SO rabbits.
Renal blood flow and GFR were reduced to 64 and 61%, respec-
tively. Reductions in blood pressure and renal blood flow,
caused by bleeding (8 mllkg of body wt), were more marked in
the BDL group than they were in the SO group. In the BDL
group, the recovery of blood pressure following blood infusion
was slower and the mortality was higher. There was no signifi-
cant increase in the renovascular sensitivity to exogenous norad-
renaline or angiotensin II in the BDL group. The findings in-
dicate that the early stage of obstructive jaundice in rabbits was
characterized by altered renal perfusion partly due to reduced
cardiac output and by increased liability to hemorrhagic hypo-
tension.
Mécanismes des modifications de Ia perfusion rénale au stade
précoce de l'ictère par obstruction. Les mécanismes des modi-
fications hémodynamiques ont été étudiés chez des lapins
ictériques (BDL) 10 jours après Ia ligature des voies biliaires,
par comparaison avec des lapins ayant subi un simulacre
d'opération (SO). L'hématocrite artériel, le volume plasmatique,
Ia pression artérielle, Ia pression dans Ia veine cave abdominale
et le rythme cardiaque n'étaient pas significativement différents
entre les groupes BDL et SO. Le debit cardiaque chez les
lapins BDL était réduit a 73% de Ia valeur obtenue chez les
lapins SO. Le debit sanguin renal et le debit de filtration
glomérulaire étaient réduits a 64 et 61%, respectivement. Ii n'y
avait pas de difference entre les groups dans Ia distribution
intracorticale de debit sanguin. Les diminutions de Ia pression
sanguine et du debit sanguin renal déterminées par le saignement
(8 mI/kg poids corporel) étaient plus importantes dans le groupe
BDL que dans le groupe SO. Dans le groupe BDL le retour
a la valeur initiale de Ia pression sanguine après Ia perfusion
de sang était plus lent Ct Ia mortalité plus élevée. Ii n'y avait
pas de difference significative, entre les groupes, de la sen-
sibilité rénovasculaire a Ia noradrénaline ou a l'angiotensine II.
Ces constatations suggérent (1) un role fondamental de Ia diminu-
tion du debit cardiaque dans les modifications de la perfusion
rénale; et (2) un plus grand risque d'hypotension hémorragique
chez les lapins BDL.
Most surveys suggest an increased incidence of
postoperative acute renal failure in the patients with
obstructive jaundice [1, 2], though this is not a uni-
versal finding [3]. Its exact mechanisms, however,
are poorly understood. Furthermore, there seems
to be a controversy as to the renal hemodynamic
alterations during obstructive jaundice [2, 4—8]. The
following mechanisms have been proposed to ac-
count for altered renal perfusion during jaundice:
(1) blood volume deficit [7, 9, 10], (2) increased ab-
dominal inferior vena cava pressure [11], (3) in-
creased sympathetic discharge and/or enhanced
vascular sensitivity to the vasoconstricting effect of
circulating catecholamines [8, 12], and (4) liability
of the kidney to ischemic damage in the presence of
bile in blood [2, 13]. In previous studies, the various
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hemodynamic parameters have not been evaluated
in jaundice models of the same species. There is,
particularly, a lack of information concerning extra-
renal hemodynamic factors in obstructive jaundice.
The present work was undertaken to explore the
hemodynamic factors operating to induce altered
renal perfusion in the early stage of obstructive
jaundice in rabbits caused by double ligation of the
common bile duct. The results indicate (I) con-
comitant decreases in cardiac output, renal blood
flow, and GFR without significant change in blood
pressure, inferior vena cava pressure, heart rate, or
plasma volume; (2) increased liability to hemorrhag-
ic hypotension; and (3) no enhanced renovascular
sensitivity to exogenous noradrenaline or angioten-
sin II in the bile-duct-ligated rabbits.
Methods
Experiments were carried out on 93 rabbits, each
weighing approximately 3 kg. In 42 rabbits, which
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were anesthetized i.v. with sodium pentobarbital
(25 to 35 mg/kg of body wt), the common bile duct
was exposed through a small upper-abdominal mid-
line incision. A part of the duct was cleared of sur-
rounding tissues, doubly ligated, and divided. In the
remainder, the duct was manipulated but not ligat-
ed. These animals were sham-operated controls.
Sodium ampicillin (500 mg; Banyu Pharm. Co., Ja-
pan) was given i.m. in all the operated animals just
after surgery, and 250 mg was administered on the
following day. Animals were allowed free access to
commercial rabbit chow and drinking water. Ten
days after surgery, when blood bilirubin concentra-
tion increased to its highest level in bile duct-ligated
rabbits (BDL), the experiments were performed in
these BDL and sham-operated rabbits (SO) anes-
thetized with i.v. pentobarbital sodium (25 to 35
mg/kg of body wt) and .supplemented as needed.
All data are presented at the mean SEM. Dif-
ferences between means were determined by Stu-
dent's I test.
Rena! clearance studies. The femoral artery was
cannulated for blood pressure measurements and
withdrawal of blood samples. Prior to the clearance
study, total serum proteins and arterial hematocrit
were estimated with a refractometer and micro-
hematocrit tube, respectively. The left ureter was
exposed through a small abdominal incision and
cannulated with a polyethylene tubing for urine col-
lection. During clearance studies, isotonic saline so-
lution was infused i.v. at a constant rate to replace
loss of body fluid.
After stabilization of blood pressure and urine
flow, clearance studies were begun. On the left kid-
ney, GFR was estimated by exogenous creatinine
clearance; and effective renal plasma flow, by PAH
clearance with the standard techniques of prim-
ing and equilibration. Suitable plasma concentra-
tion of creatinine (10 to 20 mg/dl) and PAH (1 to 3
mg/cll) was maintained by infusing the chemicals in
isotonic saline at a constant rate through a marginal
ear vein. Creatinine and PAH concentrations in ar-
terial blood and urine samples were measured by
standard chemical methods [14, 15]. Also, to justify
creatinine clearance as a valid method of measuring
GFR, we compared creatinine clearance with '4C-
inulin clearance. There was good agreement be-
tween the values obtained with the two techniques
(C(rjCffl = 1.0 0.02). The filtration fraction was
also calculated from these data. Fractional sodium
excretion was estimated on the basis of renal so-
dium and creatinine clearances. Sodium concentra-
tions in serum and urine samples were measured by
flame photometry. The values of clearances were
expressed as the mean during one 30-mm period.
Determinations of urine-to-plasma osmolality ra-
tios were performed after 60 hr of deprivation of
drinking water. Osmolal concentrations in plasma
and urine were measured using a Fiske osmometer.
He,nodvna,nic studies. The measurement of
plasma volume was carried out with Evans blue, ac-
cording to the technique described by Armin et al
[16]. Evans blue (5 mg dissolved in I ml of isotonic
saline) was injected into the ear vein. Thereafter,
1.5 ml of blood was withdrawn from the femoral ar-
tery every 10 mm. The concentration of Evans blue
in blood samples was determined by spectro-
photometry. Whole blood volume was sub-
sequently calculated from arterial hematocrit and
plasma volume. The values of plasma and blood
volumes were expressed as milliliters per kilogram
of body weight. The body weight used for calcu-
lations was that measured at the time of the experi-
ment.
Systemic blood pressure was measured just be-
low the origin of the left renal artery with a Statham
pressure transducer (P23AA) connected to a cath-
eter inserted into the abdominal aorta through the
femoral artery. Abdominal inferior vena cava pres-
sure was estimated with a Statham transducer
(P23 B B).
Cardiac output and renal blood flow were eval-
uated with the radioactive microsphere method de-
scribed by Hsu, Kurtz, and Waldinger [17]. Carbon-
ized microspheres, 15 5 m in diameter and la-
beled with strontium 85 or cerium 141 (3M Co., St.
Paul), were used. The nuclide was suspended in a
10% dextran solution. Then, 0.2 ml (approximately
20 MCi) of the microsphere suspension was drawn
up into a disposable I-mI plastic syringe, and the
radioactivity was counted in a well scintillation
counter. After a catheter was introduced into the
left ventricle via the left common carotid artery, a
bolus of approximately 20 JLCi of the microspheres
was injected through the catheter, followed by a
heparinized saline flush. The radioactivity of residu-
al microspheres in the syringe was counted, and the
value was substracted from the preinjection counts
to yield total counts injected. Reference blood sam-
ples were collected through a catheter inserted into
the femoral artery. The catheter was opened upon
the injection of microspheres, and blood was al-
lowed to flow freely into the heparinized tube for
approximately 1.5 mm. The collection period was
timed exactly, and the reference blood volume was
measured. Approximately 1.5 to 2.5 ml of blood
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was collected. At the end of the experiment, the
kidney was removed, weighed, and divided into
several counting tubes so that one specimen
weighed approximately I g. The counts of all tissue
blocks were summed to give the total kidney
counts. Reference blood sample was centrifuged at
3,000 cycles/mm for 10 mm, and then the radio-
activity was counted. Strontium 85 was counted at
the 0.514-meV peak, and cerium 141 was counted at
the 0. 145-meV peak. When Sr- and Ce-labeled mi-
crospheres were used before and after hemorrhage,
respectively (described later), the true cerium 141
counts were estimated as
true '41Ce counts = C — S . B/A
where C, 5, B and A are the radioactivity of the
tissue slice measured at the 0.145 and 0.514 meV
peaks, and the counts of a standard strontium 85
sample estimated at the 0.145 and 0.5 14 meV peaks,
respectively. No correction was necessary for the
strontium 85 counts [18].
Cardiac output was calculated as
cardiac output (mI/mm) = reference blood flow rate
(mI/mm) X injected microspheres (cpm)/reference
blood (cpm)
The cardiac output was expressed in terms of mea-
sured cardiac output per minute times the body
weight (kg)213 [19]. The body weight used for calcu-
lations was that which was measured at the time of
the experiment. Total peripheral vascular resis-
tance was approximated by blood pressure/cardiac
output.
Renal blood flow was calculated as
RBF (mi/mm) = reference blood flow rate (ml!
mm) x kidney (cpm)/reference blood (cpm)
The measurement of RBF obtained with micro-
spheres was compared with electromagnetic flow-
metry, over the range from 10 to 50 mI/mm in the
blood flow. The ratio of RBF estimated by the mi-
crosphere technique to the value obtained with an
electromagnetic flowmeter was 1.05 0.039, in-
dicating an excellent agreement. Renal vascular re-
;istance was approximated by abdominal aortic
pressure divided by RBF.
Effect of henorrhage on renal hernodynamics.
To reexamine whether obstructive jaundice increas-
es the liability to hypovolemic shock [9, 10], we
evaluated effects of hemorrhage on systemic blood
pressure and RBF in anesthetized BDL and SO rab-
bits. Blood (8 mg/kg of body wt) was withdrawn
during 10 mm through a catheter inserted into the
femoral artery and collected into a sterile heparin-
ized syringe. Before and 20 mm after the animals
were bled, systemic blood pressure and RBF were
estimated with the techniques as described above.
In the measurements of blood flow, 85Sr- and '41Ce-
labeled microspheres were injected, respectively,
into the left ventricle before and 20 mm after the
animals were bled. After completion of these mea-
surements, the blood, collected in the syringe, was
infused into the femoral artery. One hour after the
infusion, systemic blood pressure was measured to
evaluate the recovery from hypotension. At the
conclusion of the experiment, the kidney was re-
moved for estimations of RBF by means of the
above-described technique.
Renovascular sensitivity to exogenous noradren-
a/me and angiotensin II. To examine whether
vasoconstricting effects of injected noradrenaline
[8, 12] and angiotensin II (All) are potentiated in the
presence of jaundice, we studied the effect on RBF
of the intrarenal injection of noradrenaline or All in
denervated kidneys of anesthetized BDL and SO
rabbits. The left kidney was exposed through a left
subcostal incision, and the renal artery cleared of
surrounding tissues. To avoid the vasoconstriction
by nerve stimulation due to experimental manipula-
tions, we performed denervation of the renal nerve
by sectioning all visible nerve fibers and by applying
10% phenol solution to them. In this experiment,
RBF was measured by a squarewave electromag-
netic flowmeter (ME-5, Nihon Koden Co., Japan).
A suitable flow probe (1.5 mm I.D., MF-2T, Nihon
Koden Co.) was placed on the renal artery. The ze-
ro-flow baseline was determined by a brief occlu-
sion of the artery distal to the flow probe. Systemic
blood pressure was monitored with a Statham pres-
sure transducer (P23AA) connected to a catheter in-
troduced into the abdominal aorta. Noradrenaline
or All saline solution (0.1 ml) was injected through
a small needle inserted into the lumen of the artery
proximal to the flow probe. Doses of f-noradrena-
line (Noradrenalin, Sankyo, Japan) and All (Hy-
pertensin, Ciba) were 0.05 to 0.50 and 0.001 to 0.01
sg, respectively. Renovascular sensitivity to these
drugs was examined at the equivalent basal blood
flow level of approximately 30 mI/mm, because of
the possibility that changes in blood flow caused by
infusions of vasoactive substances may be different
upon the basal level of vascular tone. Thus, the
preparations, exhibiting significantly lower or high-
er blood flow, were discarded. The change in RBF
following drug injection was expressed as a percent-
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age of the basal value of blood flow.
Results
General. Rabbits tolerated the surgical proce-
dure. The abdominal wound healed promptly. In
the first few days after surgery, some of BDL rab-
bits had decreased appetites. After 10 days, body
weight loss in BDL rabbits averaged 14 2% of the
preligation weight, whereas the weight loss in SO
rabbits was 1.5 0.4% (P < 0.01). Jaundice ap-
peared within the first few days after the ligation.
Blood levels of bilirubin and alkaline phosphatase
increased from the control values of 0.9 0.3 mg'dl
and 7.9 1.9 King Armstrong units (KAU) to 7.1
1.0 mgldl and 18.9 4.5 KAU 10 days after sur-
gery, respectively (P < 0.01 and P < 0.05), and
gradually fell thereafter. Serum glutamic oxalacetic
transaminase activity increased from the control
value of 36 8 to 59 7 U. On day 10 after surgery,
ascites formation was not detectable. The gall blad-
der and bile duct distended markedly. The liver
swelled. Light microscopic examinations revealed
bile duct proliferation and mild portal fibrosis in the
liver, but did not disclose any significant change in
the kidney tissues. These findings indicate that this
BDL model is that of acute biliary obstruction but
not biliary cirrhosis.
Reiza/ learane studies. Renal clearance studies
were performed in 24 animals. There was no signifi-
cant difference in kidney weight, serum protein con-
centration, or arterial hematocrit between the BDL
and SO groups (Table 1). Creatinine clearance rate
in the BDL group was reduced to approximately
61% of the value in the SO group 10 days after sur-
gery and then gradually increased to 75% after 3
weeks. Effective renal plasma flow also decreased
to 64% of the control value and returned to 86% af-
ter 3 weeks. Even when these clearance values
were calculated per kilogram of body weight mea-
sured at the time of the experiment, creatinine
clearance in the BDL group (1.6 0.2 mI/mm . kg)
was significantly lower than that in the SO group
(2.2 0.2 mI/mm kg) (P < 0.05). Also, renal
plasma flow in the BDL animals (5.7 0.6 mI/mm'
kg) was low compared with that in the SO animals
(7.4 0.8 mI/mm . kg), though the difference did
not reach statistical significance (0.05 < P < 0.10).
The filtration fraction did not change.
Despite decreased creatinine clearance in the
BDL group, there was no significant difference in
urine output between groups. This finding may sug-
gest slightly depressed tubular reabsorption in BDL
animals. Fractional sodium excretion (CNaIC(r),
however, was not significantly different from one
another. Also, there was no difference in urine-to-
plasma osmolality ratios ((U/P)()Sm) between groups.
Heinodvnaunic studies. It was examined whether
the altered renal perfusion in BDL rabbits could be
attributed to changes in extrarenal hemodynamic
factors. This study consisted of two experiments.
In the first experiment, plasma volume, blood
volume, systemic blood pressure, and abdominal
inferior vena cava pressure were measured in 10 SO
and 6 BDL rabbits. Plasma and blood volumes, ex-
pressed as milliliters per kilogram of body weight
measured at the time of the experiment, were not
significantly different between groups (Table 2).
When these were expressed as milliliters per kilo-
gram of the preligation body weight, plasma and
blood volumes were 47 2 and 68 4 mI/kg for the
SO group and 42 4 and 66 6 mI/kg for the BDL
group, respectively. There was no significant dif-
ference in plasma or blood volume between groups.
Also, systemic blood pressure and inferior vena
cava pressure were not different from one another
(Table 2).
In the second experiment, systemic blood pres-
sure, heart rate, cardiac output, and RBF were
measured in an additional 11 SO and 8 BDL animals.
Cardiac output in the BDL group averaged 156 9
mI/mm . (kg of body wt)2H and was significantly low
compared with that in the SO group (191 10 ml!
Table I. Renal clearance studies in sham-operated rabbits (SO) and in bile-duct-ligated rabbits (BDL)
No. of
animals
Kidney wt
g
TP
gid!
Hct
%
C(r
mi/mm
CPAII
,nI/min
FF CICr
%
UV
pJ/tnmn
(U/P)(J
SO 12 9.7 5.7 40
I
6.7 22
2
0.32 0.84 27
2
5.4
BBI. 12 9.8 6.1 40
I
4.1 14
2
0.29 1.32 30
6
4.8
P (SO
vs.
BDL) NS NS NS <0.01 <0.05 NS NS NS NS
Abbreviations are defined: TP, total serum proteins: Hct, arterial hematocrit; FF. filtration fraction; UV, urine output; (UP),.
urine-to-plasma osmolality.
HeinoInwn,cs during obstructive jaundice 227
mm [kg of body wt]213) (P < 0.05) (Table 3). Heart
rate was 268 9 beats/mm for the BDL group and
278 8 beats/mm for the SO group, There was no
significant difference in heart rate between groups.
Throughout the experiment, no arrhythmia was ob-
served. Total peripheral vascular resistance was
high in the BDL group compared with the SO group
(P < 0.01). RBF, estimated by the microsphere
technique, was 51 3 and 35 5 mI/mm in the SO
and BDL groups, respectively.
Renal hemodynamics before and after hemor-
rhage. Abdominal aortic pressure, RBF, and renal
vascular resistance were measured in 12 SO and 8
BDL rabbits before and 20 mm after hemorrhage.
Before bleeding, abdominal aortic pressure was not
significantly different between the BDL and SO
groups (Table 4). RBF for BDL rabbits was approx-
imately 68% of the value for SO rabbits (P < 0.01).
Renal vascular resistance was high in the BDL
group compared with the SO group (P < 0.01).
Blood loss of 8 mI/kg of body wt gave rise to de-
creases in abdominal aortic pressure and RBF, and
an increase in the vascular resistance (P < 0.01).
The percentage change in blood pressure and flow
were marked in the BDL group in comparison with
the SO group (P < 0.01). Although there was a ten-
dency for the vascular resistance to increase more
markedly in BDL rabbits, the difference did not
reach statistical significance.
One hour after blood infusion, complete recovery
of blood pressure to the basal level was observed in
9 of 12 SO rabbits. In contrast, none of 8 BDL rab-
bits recovered. The difference was statistically sig-
nificant (P < 0.05), when it was analyzed with the
Fisher exact probability test [20]. Furthermore, 3 of
8 BDL rabbits died within 1 hr after the hypotensive
Table 2. Plasma and blood volumes, systemic blood pressure, and abdominal inferior vena cava pressure in sham-operated rabbits (SO)
and in bile-duct-ligated rabbits (BDL)
No.of
animals
PV
,nI/kg of body ,,'t
BV
,ni/kg ofbody ,t
BP
,n,n Hg
IVCP
mmH20
SO 10 53 78 98 48
BDL 6 50 79 98 51
P (50 vs. BDL) NS NS NS NS
Abbreviations are defined: PV. plasma volume; By, blood volume: BP. average systemic blood pressure: IVCP, inferior vena cava
pressure.
Table 3. Heart rate, cardiac output, and total peripheral vascular resistance (TPVR) in sham-operated (SO) and
bile-duct-ligated (BDL) rabbits
Cardiac outputNo.ofanimals BP Heartrate -------------- TPVR
mm Hg heats/mm mi/mm ,nh/nhin (Ag body ,,t)2 ,nni Hg/mi nun
SO II 100 278 369 191 0.28
2 8 25 10
BDL 8 98 268 269 156 0.37
3 9 9
P (SO vs. BDL) NS NS <0.0! <0.05 <0.01
Table 4. Renal hemodynamics before and after hemorrhage in sham-operated (SO) and in bile-duct-ligated (BDL) rabbits
BP RBF RVRa
No. -________
of Before After Before After Before After X
animals mm Hg mm Hg % ,ni/mi,, mi/mm % mm Hg/mi mm —' mm Hg/mi mm —' %
SO 12 103 84 —IS 47 27 —41 2.3 3.7 +59
2 4b 3 3 2' 5 16
BDL 8 99 64 —35 32 12 —63 3.2 5.7
2 5h 5 I" 4 9
P(SOvs. BDL) NS <0.01 <0.01 <0.01 <0.01 <0.01 <0.0! <0.0! NS
a RVR is renal vascular resistance.
P < 0.01, as compared to the prebleeding level.
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episode, whereas none of SO animals died (P <
0.05).
Renovascular sensitivity to exogenous flora—
drenaline or angiotensin Ii. The effect on RBF of
intrarenal injection of noradrenaline or All was ex-
amined in denervated kidneys of 8 BDL and 6 50
rabbits.
The initial basal levels of blood pressure and RBF
averaged 93 6 mm Hg and 30 6 mI/mm for SO
rabbits, and 87 3 mm Hg and 29 3 mI/mm for
BDL rabbits, exhibiting no significant difference in
the vascular tone between groups. During the ex-
periment, the basal levels of blood pressure and
flow did not significantly change. Intrarenal injec-
tion of noradrenaline or All resulted in a decrease in
RBF without a significant change in blood pressure
(Table 5). The percentage decrement of the flow fol-
lowing noradrenaline injection was not significantly
different between the BDL and SO groups, over the
range of 0.05 to 0.50 zg of the dosage. Although the
sensitivity to exogenous All appeared to be re-
duced in BDL rabbits compared with SO rabbits,
the difference did not reach statistical significance.
Discussion
The present work demonstrated that the early
stage of obstructive jaundice in rabbits is character-
ized by (I) altered renal perfusion and cardiac per-
formance and (2) increased liability to hemorrhagic
hypotension.
There seems to exist a controversy as to the renal
hemodynamic alterations during obstructive jaun-
dice. Yarger [7] has noticed significant reductions in
plasma volume, whole-kidney plasma flow, and
GFR in the rat 4 to 7 days after ligation of the biliary
tract. Bank and Aynedjian [6] have observed an in-
crease in superficial nephron filtration fraction in
the rat 10 to 14 days after ligation of the biliary
tract, though whole-kidney plasma flow and GFR
were unchanged. The finding implies a decrease in
outer cortical blood flow. Better and Massry [5] no-
ticed no altered renal perfusion in dogs 2 to 7 weeks
after the ligation. In the present experiments, the
bile-duct-ligated rabbits showed decrements in RBF
and GFR 10 days after surgery. Also, in contrast
with the models by Better and Massry [5], Bank and
Aynedjian [6], and Yarger [7], our jaundice models did
not exhibit ascites formation. Thus, the discrepancy
among these data is due, at least in part, to dif-
ferences in the stage at which experiments were
performed and animal species. The following mech-
anisms may be proposed to account for the altered
renal perfusion in the early stage of obstructive
jaundice in rabbits: (I) blood volume deficit [7, 9,
10], (2) reduced cardiac output, (3) inferior vena
cava constriction in the region of the liver [II], and
(4) increased sympathetic discharge and enhanced
vascular sensitivity to circulating vasopressor sub-
stances [8, 12].
It is probable that a decrease in blood volume
leads to reduced renal perfusion. The values of
plasma and blood volumes obtained in jaundiced
humans and other animals, however, seem to be dif-
ferent from one another [7, 9, 10, 21]. Yarger [71 and
Williams, Elliott, and Zollinger [10] have demon-
strated a decrease in plasma volume in the rat and
dog with obstructuve jaundice. Furthermore, Wil-
hams et al stated that blood volume deficits were
parallel to body weight loss. In contrast, our jaun-
diced rabbits exhibited the reduced renal perfusion
despite no significant change in plasma volume.
Thus, it is certain that blood volume deficits were
not the main cause of reduced renal perfusion in the
early stage of obstructive janudice in rabbits.
Less information is available concerning cardiac
performance in the early stage of obstructive jaun-
dice. In our jaundiced rabbits, cardiac output was
reduced to approximately 73% of the control value,
concomitantly with a decrease in RBF. There was
no difference in heart rate between the BDL and SO
groups. The findings suggest that the altered renal
perfusion in the jaundiced rabbits might be related,
Table 5. Percentage decrement in RBF by noradrenaline or angiotensiri II in sham-operated (SO) and in bile-duct-ligated (BDL) rabbits
No.of
animals
- -
0.05g
Noradrenaline
-_______________________
0.l0g 0.25kg 0.001 ig
Angiote
0.0025ig
nsin 11
-
0.005g 0.0l0g0.50 sg
% % % % % %
SO 6 6.3
1.3
13.7
2.5
27.6
5.2
15.1
10.8
8.7
1.1
17.4
3.9
27.7
5.1
38.4
5.2
BDL 8 4.6 10.4
1.8
22.1
2.4
45.0
5.3
6.4 12.9
2.!
19.1
1.9
26.9
2.5
P(SO
vs. BDL) NS NS NS NS NS NS NS NS
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at least in part, to reduced cardiac output. The
cause of the reduction in cardiac output, however,
remains unsettled.
Double ligation of the common bile duct gave rise
to a swelling of the liver. Gliedman et al [II] noticed
inferior vena cava constriction in the region of the
liver and increased abdominal inferior vena cava
pressure. Increased vena cava pressure may lead to
reduced renal perfusion, because of decreased renal
arteriovenous pressure difference. In the present
experiments, no significant change in abdominal in-
ferior vena cava pressure was observed in the jaun-
diced rabbits, suggesting that reduced renal per-
fusion was not due to increased venous pressure.
Total peripheral and renal vascular resistances
were high in the BDL group as compared to the SO
group. The findings suggest increased activity of the
sympathetic nervous system or/and the renin-angio-
tensin system. Bloom, McCalden, and Rosendorf
[12] have demonstrated a potentiation of the vaso-
constricting effect of injected noradrenaline in iso-
lated rabbit kidneys perfused with jaundiced ba-
boon plasma. In their experiments, however, the
perfusion rate was kept constant throughout each
experiment at 4 to 5 mI/mm, which was significantly
low as compared to RBF in normal rabbits. Further-
more, a constant flow perfusion with Krebs solution
induces a swelling of the kidney as the perfusion
time elapses. Bomzon and Kew [8] also demon-
strated an enhanced renovascular sensitivity to the
vasoconstricting effect of noradrenaline in the in
situ kidney of the baboon I to 2 weeks after ligation
of the biliary tract. The present work failed to con-
firm these findings in the denervated kidney of the
jaundiced rabbits. In this experiment, however,
BDL animals, exhibiting significantly low RBF,
were eliminated, to examine the renovascular sensi-
tivity to the drugs at the equivalent basal level of the
vascular tone. Thus, the discrepancy between their
and our data may be due, at least in part, to dif-
ferences in the models themselves and experimental
conditions. Also, the present experiment did not
demonstrate enhanced renovascular sensitivity to
exogenous All.
Dawson [2] has incriminated bilirubin as the
agent that sensitizes the kidney to ischemic damage
during obstructive jaundice, whereas Aoyagi and
Lowenstein [13] implicated bile salts. Bomzon and
Kew [8], however, demonstrated no change in renal
cortical perfusion by infusing sodium taurocholate
into the renal artery in concentrations equivalent to
those found in obstructive jaundice. Also, Topuzlu
and Stahl [22] have noticed in the dog that i.v. bile
infusion results in transient decreases in cardiac
output and RBF, followed by a return of cardiac
output to the basal level and an increase in the
blood flow. Thus, it is unlikely that bile itself in-
duced the altered renal perfusion in obstructive
jaundice.
Some investigators [9, 10] suggested increased li-
ability to hypovolemic shock in humans and dogs
with obstructive jaundice. Zollinger and Williams
[9] stated that the blood loss in patients with extra-
hepatic biliary obstruction has a predisposition to
become hypotensive following small reduction in
blood volume and suggested that the main factor
predisposing to hypotension is latent hypovolemia.
Williams et al [10] demonstrated that the same de-
gree of hypotension occurs in jaundiced dogs with
approximately one-half of the blood loss required in
normal dogs. On the other hand, Cattell and Birn-
stingl [21] described that the effect of hemorrhage
on systemic blood pressure is slightly, but not sig-
nificantly, greater in the presence of jaundice. They
did not find blood volume deficits in humans and
dogs with obstructive jaundice. In the present ex-
periments, blood loss of 8 mI/kg of body wt gave
rise to more marked reductions in blood pressure
and RBF in the jaundiced rabbits, despite no blood
volume deficits before hemorrhage. Furthermore, 9
of 12 sham-operated rabbits recovered completely I
hr after blood infusion, whereas none of the bile
duct-ligated rabbits did. The findings suggest the in-
creased liability to hemorrhagic hypotension in the
presence of jaundice in rabbits.
Conclusion. The early stage of obstructive jaun-
dice in rabbits was characterized by reduced renal
perfusion partly due to decreased cardiac output
and increased liability to hemorrhagic hypotension.
It is not always possible, however, to extrapolate
these observations to those obtained in other spe-
cies.
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